Objective: To compare diaphragmatic mobility, lung function, and respiratory muscle strength between COPD patients with and without thoracic hyperkyphosis; to determine the relationship of thoracic kyphosis angle with diaphragmatic mobility, lung function, and respiratory muscle strength in COPD patients; and to compare diaphragmatic mobility and thoracic kyphosis between male and female patients with COPD. Methods: Participants underwent anthropometry, spirometry, thoracic kyphosis measurement, and evaluation of diaphragmatic mobility. Results: A total of 34 patients with COPD participated in the study. Diaphragmatic mobility was significantly lower in the group of COPD patients with thoracic hyperkyphosis than in that of those without it (p = 0.002). There were no statistically significant differences between the two groups of COPD patients regarding lung function or respiratory muscle strength variables. There was a significant negative correlation between thoracic kyphosis angle and diaphragmatic mobility (r = −0.47; p = 0.005). In the sample as a whole, there were statistically significant differences between males and females regarding body weight (p = 0.011), height (p < 0.001), and thoracic kyphosis angle (p = 0.036); however, there were no significant differences in diaphragmatic mobility between males and females (p = 0.210). Conclusions: Diaphragmatic mobility is lower in COPD patients with thoracic hyperkyphosis than in those without it. There is a negative correlation between thoracic kyphosis angle and diaphragmatic mobility. In comparison with male patients with COPD, female patients with COPD have a significantly increased thoracic kyphosis angle.
INTRODUCTION
A respiratory disease that is characterized by chronic airflow obstruction, lung hyperinflation, and air trapping, COPD is preventable and treatable.
(1) However, the aforementioned pathophysiological factors can lead to a decrease in diaphragmatic mobility among other problems. (2, 3) Diaphragmatic mobility has been found to be lower in patients with COPD than in healthy elderly individuals. In addition, air trapping has been shown to be the major factor limiting diaphragmatic mobility in COPD patients. (2) A decrease in diaphragmatic mobility has been found to result in reduced exercise capacity and increased sensation of dyspnea after submaximal exercise. (3) In addition to impaired diaphragmatic function, patients with COPD can present with postural changes such as posterior pelvic tilt, anterior pelvic rotation, and increased thoracic kyphosis when compared with healthy individuals. (4) Other changes in rib cage configuration have been reported in COPD patients, including an increased anteroposterior chest diameter, (5) horizontally oriented ribs, (6) and an increased thoracic curvature, (4) all of which appear to be associated with changes in lung mechanics.
Despite the scarcity of quantitative studies of postural changes in patients with COPD, clinical practice shows that COPD patients have a forward head posture, a decreased cervical lordosis, rounded shoulders, and an increased thoracic kyphosis angle. (7) Although a decrease in diaphragmatic mobility and an increase in thoracic kyphosis are common in patients with COPD, it has yet to be determined whether patients with an increased thoracic kyphosis angle (a determinant of thoracic hyperkyphosis) have decreased diaphragmatic mobility.
The objectives of the present study were as follows: 1) to compare diaphragmatic mobility between COPD patients with and without thoracic hyperkyphosis; 2) to determine the relationship of thoracic kyphosis angle with diaphragmatic mobility and lung function variables in COPD patients; and 3) to compare diaphragmatic mobility and thoracic kyphosis between male and female patients with COPD.
METHODS

Patients and procedures
This was a quantitative analytical cross-sectional study. A total of 58 patients were recruited from among those being followed at the Pulmonology Outpatient Clinic of the Hospital Universitário Professor Polydoro Ernani de São Thiago, located in the city of Florianópolis, Brazil. The study was approved by the Human Research Ethics Committee of the Universidade do Estado de Santa Catarina, located in the same city, Brazil (CAAE: 08857612.2.0000.0118). All participating patients gave written informed consent, in accordance with Brazilian National Health Council Resolution 466/12.
The study sample intentionally comprised patients who had been diagnosed with COPD in accordance with the Global Initiative for Chronic Obstructive Lung Disease criterion of FEV 1 /FVC < 0.70 after bronchodilator use. (1) Other inclusion criteria included 1) being clinically stable, i.e., no hospitalizations or respiratory attacks in the last month or before testing, 2) requiring no oxygen supplementation, 3) having no associated respiratory, cardiovascular, or musculoskeletal diseases, 4) having participated in no respiratory therapy programs in the six months prior to the study, 5) having recently undergone no spinal or lower limb surgery, and 6) having had no fractures in the last six months.
The exclusion criteria were as follows: experiencing COPD exacerbation during the study period; 2) having cardiorespiratory or musculoskeletal complications during the tests; 3) being unable to perform any of the required tests (being unable to understand the instructions or being uncooperative); and 4) dropping out during testing. 
Anthropometry
Respiratory muscle strength
A digital manometer (MVD500 ® ; Globalmed, Porto Alegre, Brazil) attached to a mouthpiece with an air outlet of 1 mm in diameter was used in order to measure respiratory muscle strength. MIP and MEP were measured as indicators of inspiratory and expiratory muscle strength, respectively, in accordance with the Brazilian Thoracic Association guidelines. (11) MIP was measured after a maximal expiratory maneuver (from RV to TLC), whereas MEP was measured after a maximal inspiratory maneuver (from TLC to RV). Participants performed three to five maneuvers in order to obtain three acceptable maneuvers (i.e., without leaks and lasting at least 2 s) and at least two reproducible maneuvers. The highest values of three correctly performed maneuvers (the difference among values being ≤ 10%) were recorded as MIP and MEP. (12) 
Thoracic kyphosis angle
The thoracic kyphosis angle was measured with the flexicurve ruler, which is an 80-cm strip of flexible metal covered in durable plastic (TRIDENT ® Indústria de Precisão, Itapuí, Brazil). During thoracic kyphosis angle measurements, participants wore a disposable gown with the opening to the back and were instructed to stand still with their elbows and shoulders extended along the body. Subsequently, the spinous processes of C7 and T12 were identified and marked with a grease pencil. One end of the flexicurve ruler was placed on the C7 spinous process and the ruler was molded to the thoracic kyphosis, the other end of the ruler being placed on the T12 spinous process. The ruler was then transferred to graph paper, onto which the shape was traced. Subsequently, a straight line was drawn connecting C7 to T12, being designated Xtotal (the length of the entire thoracic curve, in cm). Another straight line was drawn connecting the kyphosis apex to Xtotal, being designated H (the apex kyphosis height, in cm). Yet another straight line was drawn from T12 to H, being designated Xhalf (half the length of the thoracic curve, in cm; Figure 1 ). Finally, the flexicurve kyphosis angle was calculated with the use of a third-degree polynomial. (13) In adult patients, thoracic kyphosis angles of 20-50° were considered normal, whereas, in elderly patients, thoracic kyphosis angles of up to 56° were considered normal. (14) Diaphragmatic mobility (right hemidiaphragm)
Diaphragmatic mobility was evaluated by anteroposterior chest X-rays. Initially, a radiopaque ruler was placed longitudinally under the right hemithorax in the craniocaudal direction, near the thoracoabdominal junction. Subsequently, anteroposterior chest X-rays were taken with patients lying supine on a fluoroscopy table. Prior to that, patients had been asked to perform two series of ten repetitions of diaphragmatic breathing, 1 min apart and supervised by a respiratory therapist, in order to become familiar with diaphragmatic breathing for maximal evaluation of diaphragm amplitude during radiographic examination.
After having become familiar with diaphragmatic breathing, patients performed two slow vital capacity maneuvers using a spirometer (Wright/Haloscale Respirometer ® ; Ferraris Medical Ltd., Hertford, England). Slow vital capacity maneuvers were performed from TLC to RV and from RV to TLC. The highest value was recorded for comparison with the value obtained during evaluation of diaphragmatic mobility, in order to determine whether patient respiratory (inspiratory and expiratory) efforts were the same before and during evaluation of diaphragmatic mobility.
The same film was used for all examinations, which were performed during a maximal inspiratory maneuver and a maximal expiratory maneuver. Diaphragmatic mobility was determined by measuring the distance between points at maximum inhalation and exhalation (15) ( Figure 2 ).
For correction of the magnification caused by the divergence of the X-rays, the distance between two radiopaque ruler graduation marks corresponding to 10 mm was measured. The corrected diaphragmatic mobility (in mm) was obtained by the following formula:
Corrected mobility = measured mobility × 10 measured distance between two ruler graduation marks
Statistical analysis
A sample size spreadsheet was used in order to calculate sample size. Sample size calculation was based on a pilot study involving 10 COPD patients with thoracic hyperkyphosis and 10 COPD patients without thoracic hyperkyphosis, the difference in diaphragmatic mobility between the two groups of patients being assumed to be 20.29 mm. For a standard deviation of 20.54 (the largest standard deviation), a type I error of 0.05, and a study power of 0.80, the required sample size was calculated to be 34 (17 per group). Loss to follow-up was estimated at 10%.
Data were analyzed with the IBM SPSS Statistics software package, version 20.0 for Windows (IBM Corporation, Armonk, NY, USA) and described as mean and standard deviation for all variables. Normality of the data was tested by the Shapiro-Wilk test. The Student's t-test (for parametric data) or the Mann-Whitney test (for nonparametric data) was used in order to compare the parameters between the two groups. Pearson's and Spearman's correlation coefficients were used for parametric and nonparametric data, respectively. The level of significance was set at 5% (p < 0.05).
RESULTS
A total of 58 patients were initially evaluated. Of those, 24 were excluded from the final analysis: 17 because COPD was not their primary diagnosis and 7 because they did not complete all tests. Of those 7 patients, 3 were excluded because they were unable to perform one or more of the required tests (either because they were unable to understand the instructions or because they were uncooperative) and 4 were excluded because they dropped out during the evaluation period. Therefore, 34 COPD patients were included in the final analysis. Of those, 18 (53%)
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were male and 16 (47%) were female. The patients were divided into two groups: COPD with thoracic hyperkyphosis (n = 17) and COPD without thoracic hyperkyphosis (n = 17). The groups were matched for age, weight, height, and BMI. Table 1 shows the characteristics of the two groups of COPD patients and a comparison of the study variables between the two. There were no statistically significant differences between the two groups regarding lung function or respiratory muscle strength variables.
Diaphragmatic mobility was significantly lower in the group of COPD patients with thoracic hyperkyphosis than in that of those without it (34.76 ± 14.18 mm vs. 53.37 ± 18.27 mm; p = 0.002; Figure 3 ).
Although the thoracic kyphosis angle correlated negatively with diaphragmatic mobility (r = −0.47; p = 0.005), it did not correlate with lung function or respiratory muscle strength variables in the sample as a whole (Table 2 ).
In the sample as a whole, there were statistically significant differences between males and females regarding body weight, height, and thoracic kyphosis angle. There was no significant difference in diaphragmatic mobility between males and females (Table 3) .
DISCUSSION
In the present study, diaphragmatic mobility was found to be lower in the group of COPD patients with thoracic hyperkyphosis than in that of those without it. It has been shown that a decrease in diaphragmatic mobility is associated with an increased sensation of dyspnea and impaired exercise capacity in patients with COPD. (3) It is also associated with body posture changes in COPD patients. Martinez et al. (16) noted that ineffective diaphragmatic function leads to an apical breathing pattern that is due to a compensatory increase in rib cage and accessory respiratory muscle activity. This can result in increased muscle activity (e.g., increased sternocleidomastoid muscle activity), which results in muscle shortening, decreased muscle flexibility, and head position changes, as well as in shoulder girdle, pelvic girdle, and thoracic spine compensations, (17) all of which can cause thoracic hyperkyphosis.
In the present study, a negative correlation was found between diaphragmatic mobility and thoracic kyphosis, a greater thoracic kyphosis translating to a lower diaphragmatic mobility. This supports the hypothesis that there is an interaction between the two aforementioned variables. However, because of the sample size, it was impossible to determine the influence of those variables on one another, a larger sample being required in order to determine that.
We believe that diaphragmatic impairment plays a role in increasing thoracic kyphosis; however, other COPD-related factors also play a role in that process, including an increased anteroposterior chest diameter, (7) horizontally oriented ribs, (6) and excessive recruitment of accessory muscles. (16) It is extremely important to investigate the relationship among the aforementioned factors because advancedstage COPD and increased thoracic kyphosis can further reduce diaphragmatic mobility and affect lung function, which is reduced in patients with COPD.
According to Loubresse et al., (18) an increased thoracic kyphosis angle can affect lung function. According to Libby et al., (19) thoracic kyphosis angles greater than 65° characterize thoracic hyperkyphosis; in the present study, the mean thoracic kyphosis angle was 55.92°. Therefore, given that none of the patients in the present study had severe thoracic kyphosis, lung function results were similar between the groups of COPD patients with and without thoracic hyperkyphosis. There was no significant difference between the groups of COPD patients with and without hyperkyphosis regarding respiratory muscle strength. In addition, no correlation was found between the thoracic kyphosis angle and MIP or MEP, possibly because MIP and MEP are not discriminatory variables. It is possible that mobility is more closely related to parameters such as dynamic and transdiaphragmatic pressures than to maximal static respiratory pressures. Our results are consistent with those of Rennó et al., (20) who studied elderly females with thoracic hyperkyphosis and found no significant correlations between increased thoracic kyphosis and MIP or MEP.
Body weight and height were lower in females than in males, whereas the thoracic kyphosis angle was greater in females than in males. This might be due to postural changes resulting in markedly reduced height because of excessive kyphosis and a forward head posture. (20) Our results are similar to those of a study conducted by Katzman et al., (21) showing greater thoracic kyphosis in females than in males. Poor postural alignment is associated with spinal extensor muscle weakness and estrogen deficiency. (22) In a study of premenopausal and postmenopausal women, the prevalence of kyphosis was 35%, and kyphosis was found to be associated with age, although only in postmenopausal women. (23) After 40 years of age, the thoracic kyphosis angle might increase more rapidly in females than in males (a mean angle of 43° in females in the 55-to 60-year age bracket and of 52° in females in the 76-to 80-year age bracket). (24) In our sample as a whole, diaphragmatic mobility was found to be similar between males and females. Our results are consistent with those obtained by Saltiel et al., (15) Grams et al., (25) Pedrini, (26) and Leal et al., (27) who also found no difference in diaphragmatic mobility between males and females. However, Boussuges et al. (28) and Kantarci et al. (29) found differences in diaphragmatic mobility between males and females. This might be due to the sample size, given that the aforementioned studies by Boussuges et al. (28) and Kantarci et al. (29) had a large number of participants (210 and 164, respectively), whereas the aforementioned studies by Saltiel et al., (15) Grams et al., (25) Pedrini, (26) and Leal et al. (27) had smaller sample sizes (of approximately 40 individuals). It is of note that all of the aforementioned studies involved healthy individuals; we found no studies comparing diaphragmatic mobility between male and female patients with COPD.
One of the strengths of the present study is its methodological rigor in performing the required tests. However, the study has some limitations. Given that neither symptoms nor exercise capacity were evaluated, it was impossible to extrapolate our data on diaphragmatic mobility to the aforementioned outcomes. Given that we had no access to a wholebody plethysmograph, it was impossible to evaluate air trapping and correlate it with diaphragmatic mobility. Further studies are needed in order to investigate the clinical implications of our findings with regard to dyspnea, exercise capacity, and air trapping.
The topic of diaphragmatic mobility in COPD patients with and without thoracic hyperkyphosis is relevant because of the relationship between an increased thoracic kyphosis angle and advancing age. Thoracic hyperkyphosis can further impair diaphragmatic mobility and lung function in COPD patients, whose diaphragmatic mobility and lung function are affected by COPD-related pathophysiological factors.
Because of the cross-sectional nature of the present study, it was impossible to establish a cause-and-effect relationship between an increased thoracic kyphosis angle and a decrease in diaphragmatic mobility. Prospective longitudinal studies are needed in order to demonstrate the real influence of these variables on patients with COPD. Nevertheless, the results of the present study provide important information regarding thoracic kyphosis and diaphragmatic mobility in patients with COPD.
In summary, diaphragmatic mobility is lower in COPD patients with thoracic hyperkyphosis than in those without it; however, lung function and respiratory muscle strength are similar between the two groups of patients. There is a negative relationship between thoracic kyphosis angle and diaphragmatic mobility, and the results of the present study suggest that a greater thoracic kyphosis translates to a lower diaphragmatic mobility. In comparison with male patients with COPD, female patients with COPD have a significantly increased thoracic kyphosis angle.
